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(57)Abstract: 

PROBLEM TO BE SOLVED: To minimize a coefficient of 
merit by forming a plurality of gate stripes by covering 
gate oxide stripes with conductive polysilicon stripes 
having a specified range of widths and spaces and 
overlying adjacent invertable channel regions and the 
space between respective base diffusions by the gate 
stripes. 

SOLUTION: A junction adhesion layer 52 is formed 
epitaxially on a substrate 51 and a field oxide layer is 
formed on the layer 52. Thereafter, the field oxide layer 
is selectively etched and stripes of a gate oxide layer 60 
are formed. The gate oxide stripes 60 are covered with 
stripes of a conductive polysilicon layer 61 having a 
width in the range of about 3.2 to 3.5 [im and a space in 
the range of about 1.0 jam and a plurality of gate stripes 
are formed. The gate stripes overlie adjacent invertable 
channel regions 82 and the space between their 
respective base diffusions. 
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T, AMosgaied 
figure ofmerfc t^ddevii» compdsMg; 

adkctfinaBp^^ 
tipper^ 

a plurality of elongated apaced and parallel base stripe diffusions 
of the other oondbctivity type formed in the upper surface of isdd 
juoctioo receiving Jaye^a^ 

toe ooc ctmdoctfvity type in and extending wctfcoBivcly with said base 
suipe drJffusiona to define invertible chajweJ regkmj along the sides of 



covered by cOTduedve pciyalUcxra suipea; arid pi oraiiry of gate stripes 
overlying respective apaced pair* dl adji»Bot Iflyartable channel regjona 
and the apace between their respective base diffusions; ssid polysfllcoo 



microns and a apadflg In ihc range of about 1 X> to AO nnccDiiB; 

adjacent ones of said base dlfftidc^s beli^ Spaced apart by 

2i* TTic device of claim 1 wberanwud poIy&fliocNi slopes • 
have a width of about 3.1 micron* and a apadng of about i'S mkrixmi 

3g Hie device of claim 1 wbenab said baae diffusion have a 
tfcpft of about 125 micraaa and said source diffusions have a depth of 

" : '" v "' v ' ? 

4; TTie device 0!f cUim 2 wherein field base diffusion have a 
depth of about 1.25 oaicafoni and said wwee diffusion* have a depth of : > 
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W TlwSeviced^ 
of second base diffiisiartaof thorite 

. centered on. respective ones of said base diiftiaioas and which have a 
:lil|^cb^fltt»aoa then that of said base diffustans and whichi^ 
Lateral extent defined by the spacing of said poljwJicaa *t*ipe$v 

The devtc»of clabn 2 wtdcli further bidu<to 
of second base diffusions of the other cxmductrvtry type yrhlth are 
centered oa respective ones of said base diffusions aod which have a 
higher concentration then that of said base diffusion* and which have a 
lateral extent defined by the sparing of said polysilicon strip ag, 

7. Hie device of clednj 3 which further todudks a plurality 
of second basa djjfowons of the other conductivity type which iie 
centered on respective ones of mid base diffusions aod which have; a 
ii higher which hire a 

& A M OSj^aicd scjniccotfnctof device having a minfrnten ri 
of merit; said dsvioa tXKnprtetng; .. 
a die of moDociyTrtab'De sflicon havii^ a body region and no 
upper juoctioa receiving Jayer of one caoductivity type; 

o phir a%r.*>fdc«gate<i spaced ami parallel base atripe flfrasioni 
of the other conductivity type formed in the upper surface of said 
jonctian recurving layer and a pfnrnlny of elongated source diffusions of 
the one conductivity type in aod emending coBjrteasiveiy with said base 
fitripc diffadoa* to channel regions along the aides of 

each of said elongated base stripe dHusiocis; 
a phiiarity of gate stxipea each 

coycr^ 

cwryinjg respective $psccd pairs ot adjacent intertable channel regions 
and the ^ac* between tlxnYr^ 
¥plur^^df 

type which are centered on respective ones of laid barns diffusions and 
Which havo a higher coucectralion then that of said b^ cOTaaloiis and 
which have a lateral extent defined by the spacing of said poiyaflicoh 

^kripea^ i ' 1 : • — '^ ' /■ rT r . •7~--;-' r = ' 
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comprisiag the stepa of forming a gate oxide laywutop a sQicoo surface 
of doe oondnctiviry type; tomtag a layer of poiysltiecn atop Bald gate ; 
oxide byer; etching Bald polyahcon layer tod the said underlying gala 
oxide layer jhto a phiralhy of spaced Stripes of cwid* and polyfiilicon 
averting Raid oxide; Imjianiliig oal dlffuxdn^ b pint aliry of spaced foril 
base diffusion rtripra 

Surface, using said stripe* uf polyxUicon as a mask; implanting and 
dirfu&iag a plurality of source dif fusions into said first base diffusion 
stripes, using skid stripcj of polysfllbon as a mask, and lamri£ invcrUbl© 



diflfa&Jag third bsae Effusion stripes, into said silicon surface* using siHi 
sXripes of polysUtewi a* a awk, to a depth about equal to thai erf sad first 
diffusion! and a width «rahsticuial3y equal to the apace between the 



10^ ^ 

have a wlcfch of about 3.1 microns and a sparing of about 1.25 microns. 

ILv The process of dalm 9 wherein said first has* difiusions i 
bnvba dapth of about 0.4 microns aid Ibt d second baa* dififesions ha^£ a 



have a 

depth of about 135 microns. 



formation of insulation spacer layers over thi type and edoes of said 

k central 



► formation of insulation spacer layers over the type and ed&es of said 
polystticoa stripes and the etrfiing of BhaJUow openings through central 
portiona of -said source regions and into said first base diffusions; and 
thereafter deposiiiiig a metal 

to contact said source ncglona and said first aod second base diffusion*. 
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'1$, A d-c Id d^c converter circuii which Indudea a high 
Ifrqueincy <^^trol &OSFBT connected is jerica with a dnc souicc, an 
Ladiwtor sod a c%c bia^ 

ooaiMx^in dewed circuit relation with said inductor and wki d-c 
ckrtp^ * . 

MQSaPETte 
having 

16. The circuit of d aim 15 wfrcrein said identical topologies 

comprises, for each die; 

a die of mancKa>«talino silicon having ft body region and an 
upper junction receiving layer of One conductivity type; 

a plurality of elongated spaced and parallel base stripe diffnsiona 
of the ntner condnclivltx type fonncd in the cpp« aitifaoc of said 
junciicmjffesrvliig layei and a plurality of elongated source titftmoas aZ 
tie one conductivity in and extending coexleroWy with Eaid bem gtripe 
diffusion to der^ 
slid elongated basis sbipe ddffliaiDns; 

a plurality of gate stripes each cornpdsing gale ox^ 
covered by conductive pd plurality of gate stripes 

overlying respective spaced pair* of adjacent in y Citable dtamel regions 
and the space betwaan t)«ir reapective base dtffaaloas; said polvsntfcoti 
stripes each having a width in the range of about 3,2 oiioraoa in 35 
hrferrins and a spacing in f he range oi tfxnit 1.0 to A 6 iniorons; 

adjacent ones of Raid base diffusions being spaced apart by 

17^ The circu^ 
nave a wifflh c£ 

1& Tte circuit ctfcMta 17, wbeiezD seM faasa diffusion have 
; said source diOtusbns have a depth of 

aooutoJ4rn^ . ^ '^ : "'V-.-f' " ;i 

19V the circuit of claim 15 which further includes a plurality 
second ease diffusions of the other condiKifviry type which arc centered 
on respective ones o* said basb cHfrnsdona md*M&1tiBMi a higher 
concentration then that of said base diFjEusicms and a dspflb which is 
greater than &al of aaM bain ctiQbsJ a: lateral extent 

dc^dbyrbesparir* 
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3. Mailed Description ol (lie inyeriliom 



TWi application dauna flic bmc&U U.S» Ptwwioflftl 
Application Na ^mm.md^i^a^ 9i 199$. 



filed October 8, 1397 entitled PROCESS FORMANUFACIUKE OFP 
CHAHm MOS WITH BASE IMPLANT 

TIIROUOH CO^CTWINIX)W (3^1212); applicatioo Serial No, 
0»95M«2 filed October 22, 1997 «rrfjfl«i ZERO ALIGNMENT CELL, 
PROCESS (20 MILLION/IN2) (GEN VI) (IR-I2i2); U.S. Patent No. 
5,795,795 Issued August 18, 1998 entitled NEW RJEDW^M^ 



Serial No. OSW338.453 Glad March 11, I998mtitfcd MDS FETfiFOR 



R^l^M-^, -an. 
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speoifically relate* to a oovel MO Sg sited device* having a minimum 
figure Of mart, a nore! and e fiord circnit 



. MOSFHI^, are weil known and are cotfiunaoly made with planar or 
treach topologies. The trench tapoLdgiei bkycbeea used for vcty low 
voltage dcv*xs;wlii<4i are to have tb» lov^powfbl© switefikg losses to 
high fieqiMncx i^Ocetioai sooh *s in d-otod-c ccwvwtatt iwcd for 
produomgE regulated <U voltage &r portable electronic devices 
pqwerei from ktsttery. Byfcdueing gwiu^^ 
CXfcftad '•'fiw prli pnrtftMw jii lap t top crmputerw. 



Svrhcbtog losa U dgtcnained^ i 
thd MOSFBTj which tt tocjftnoduc* of 
gate cb&rge IQg. A mminiutri j 
frequency, low Voltajge MOSFETi. Trench devices hire been useful in 



PIiBi«t»^olbgy MOSTOT^ vsk^ spaced dos^ paly#xiAl 
cdk m well knovm, And ire shown, foc taanajde* b patoi 5,008,72s, 
«nci in Figure 12 hereia, I^BBb ito^B 



design (UttMriry hexagodnal or rectangular base cells) th* pedysiiboe gate 
ttteo^s across 



width. More if 



cemtsaning wndovra 32, 33, 34 and 33 used *> defini diffised or 
chmm;J& T ^cFrvnbidoti^lirirj. TOwto^^ 
36 was cdii^&iiia^ The 
polysiKcan3 1 overlies Ureas 3 0, Mtiicb «e ifl^Urve, contribute heavily 



:of ' 
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Id aorordance with jbe kvejalioti* it he* been fbu&d ftata 
topology, eciploYing r«rallcl baic stripes with a ji ofy&iticon line ipacing 

pdtvsilicon line widtti of about 2.6 to about fcj) micirWsv dqxotlLfig on 
tbe drain to iouic* VoJ^ 

of about 0 J rnKsroa 

li b** beta Jbund ftiatflie hacreiiscd channel width jk* unit area produced 
pjt tb£ closer spacing of th# porysilfocaa linn reduce Romn 
prigratjctially more than Q f increase* with a practical minimum figunft 
of merit being reached at a po^liiio spacing of obout 1.5 mien**, Ihe 
figure c€rt)^ 

.obtained with eqinvaieat die areas employing either trench tedbaidojgy or 
closed polygonal call technology >S?£ * ;] 

Further, the present invcmloo produces a device having both an 
extrcmclj low Ras&a and an extremely high aya3aD«h& energy; 

Axxrther feature of ^ 
> in define a mask far the formation of ihree seqi^ntbl regions, the first 
being a base (or channel) diftisioa tbe secood being a source dLBMcm 

ilhe first base and Mniroi Thetn^ 
(hmiu^b the potystlicon Tvtndow and a subsequent anneal 

ii-j f.: A .a|pHtaM.fltie'M^iio is fee d-eto d-c oom rer uai 
!.oiii^& a synchronous re^jfoMbSFHT; 

of these s 

Only in jdic area. • :: ' > 

can be ptneeised in accordance with tbe Inv^M td|iniduce « 
MOSgaied d«vicA £ff example, apavrer MOSFET. mile die 
invention is applicable^ useful foj 

devices having a fcredaknw voltage leas tea about 60 inolu. Die 40 
m^havet^«niiX«coinaei,a gatejjad4l forocxroccriootoite 
jw^taai gits, and a bottom drain c<wtac^^wiU be desoibed. A 
sdJIcon w»to is fcraied with identical cUe which are smiidtanraisly 

Thetara^ Die 40 may 

be as large as abont 102 mUs by 157 rails vib^ 
canbe niountedk 
cm be used 
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11k Gist 

imncntmn is te selection of a i uitabk wijfe50, *hovro to Figure 2 which • 
has a highly c^ruidctivc N 4 * body 51, which may be 375 mjciito thicfc . ' 

of about 5 oucrtms and a realswityofttbo^ DJS Xm ( whldicaobr 
.... considered to w^lk^d 

and, in a first masfc step, a window 54 b opened in Ibc fidd oxide aod a 
P* difflisioa S5 is ftmed arouod Che periphery of aod under the gale 
bonding pad oftbeetijv^^ 

the i Hail device IhJg diffusiao may be carried out with a boron implant 
• v.. : .; fit a dose of 1EI4 and at an of fiOtV, followed by A diffeiioo - 

drive atl050t fbr2hounk This will produce the region 55 with a 
de^ofabc^ 1.5micTwift.; 

waof tW die; Aii>^sho^mFigira3 wid4, agate oxidVlayex6Q 
b grown orox the iurf^ of (dbc ltij^ 52 to * thic imots of alxjiil 300 
A ccpducdvc poJyjlHcon toye* 61 U that gro^ Atop oiidc l^ycr 60 to a 
thickness of about 0.75 nsicfotiu AnaxldoU}w2fl0isal!»gpD^c* 
d*fK»ft4^ atop the po^^ liipo^fc^ 

layer 60 and oxio^ layw 2(X) ero Ihm etched ill to elonggle^ parallel 
stripes as showb ill Figure 3. 

lit accordance with the brvention, tiu* witfth of the polyBilican 

& 3.5 njtahona, and, far a 3D volt devise, is prdxribjy 3.4 mfcnm while 
the sparing betweea the parallel elongated and stnughi stripa 61 is frwctl i 
«o4cnloDan^ 

tec^fioitionoftoto Hie 
field pkte 70 has a length of about 15 nucroos, andfe spaced Jron the 
acgac^ 

.' ; ' • • ^8'miiaroRg: : : ■ ' ' V ' • : . / ■.; : «* ' Jb- : .? : V' < '-' : ' " v ' 

photolithogfaptyatje^ out usiig oxide knjw2Q0 and 

SO and SI re^pecttvflety, More^dJ^fy,to^ 
ibendn^at 

tib&od irapiaijls 60 to a <iepth of aboiil 1-25 microns. SJaoifbcanlhr. the 
9 channels &0 are spaced by a coannon condurfion ranker wtieh is about 
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implaat fit s doac of £E[5 at 120 ItV TTds impi j*^ b then dbrrrcti at 

Tbereeltcr, aad as shown Id Figure 7, and 10 accordance with a 
same windows which defined the 

respectively. To jinwit the iavaaon of chawiel isgioa 82 by the- 
heavily dpjped regions JS, the regions arc formed by a boron iimplkrtt at a ^ 
date of 2E15 Btl 50 kV follcn^ by an armesd of 30 mlsMeb at 975t>; 
TteKregj^ 
EUrftto bases 80. 

Thereafter, tha toinco alummurD contact 90 (figure S) lb 
connected to Ihe aburee and channel regions by (be process described in 

i copaidingaj^ Tfaava* 
rijown in Figure S, an Insulation layer 9S, canaisrln^, for sample of a 
low literature oxide aod baring aide wall spacers 96 are framed pyier 
thepdyB^ 

The layer 95 may have a thickness of about 0.6 to 0,7 microck An etch 
andai^^ 

channel region 80. The trencher ar* prefctably narrower than fl*e space 
tetween u<fe wall 

Tliee<«sUwt 

gate pad A 1 ihd the termhiAfion a»;deaired; 

A Wto chip to 

.. act as the drain contact. 

incJiepfesertf ^ ibefilripe topology of the present 

fcrraticatolak^ Referring to Figure 9, it can be 

seca tiiai theto^ 

potyliito spacing is decreased y A larger chatmd width is desired 
became H reduces the or^resistaace of toe device, In the prior art 

cbai^ figure 10 
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channel width per unit area fox polyline qpedags la tiieregioii between ; 
about I to 4 lileroii*, jHcdeuJttiy I* aboiii 1 J mlcroos, wi|>dsin^y with 
do increase of Rpgpw 




n^e m axaxudar^ Thus, me dicuit of Figucca 1 i 

a d-c to d-c bucksaw 
1 10, which may be* nambiaUy 14 volt battery eoaiieeted to d» source of 

,a^^ 

1 12 jboad-D output tmt^^ 

volte. A synchronous rectifier MOSFCT 113 it connects firoin the 
node between MOSFET 1 11 and inductor 112 to ground. A suitable 
■ :' cojDJtr^ 4 is jj a ug u uii ntfd to p roduce gate signals to 

control the turn on and to 

and known sequence to produce &c desired output d-c toitojge even 
though the UTpm d-c voltn^ nuctiiflleiaa due fo tging of an input battery. 

Ja the ?a*U MOSPET 1 1 1 was chcam to haw a mlolnium 
witching ios* while the nyndtmoous rectifier MOSFET was chosen far 
tow <rox^^ 

different oianufiicturinft technique Ebr exflmpte, a trench technology £br 
MO&FEX 1 U find a pfanar cellular tDctoinlogy for MpSFET 113. 

lit ftOCXSXianoe with an utiportiint feature of fliis invention* both 
MX>SFCT«J 1 1 and L 13 ean advantagmualy employ the planar stripe 
techrH>lo^ shown for the device of Figure* 1 and B, and the die would 
'differ only ia ilse. Thus, MOSFRT 111 bas towdf etsrent requirements 
than MGSFET 1 13 and need > a die size, for example, of 56 mi] by 140 
mil. . MOSPBT 1 13 Can i^z:41t i\it ^ i02 milty 157 mil; both die 
separate 



particular embodiments thereof, niarfy after vitiations andmodificatioi 
and o&er uses ^! ^ to those skiU&d in {he *t| It is , 

prrib^ the present invsrtiofl be limited not by the 
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4; Brief Descr ipMoa of the muting* 



Figure 1 ia cinikjdarca "A* j 
:of the dpyiix^i ♦ : 

Fij^ 3 show &e stripe pattero ofibB polywUrscm gate within 

Figure 4 is a cm&«kB&an of FigOfe 3 taken acros* sootioo tine 
4-4 in Figure 3 after the stop of iorming the poly riJiom g*te *trip«L 

Figure 5 shows the tenninatitrat region of Figure 2 nAer <be 
depoeftiart of ^ 

Figure 6 



cocKwtratiun deep baae regions; 



goatee and drain electrodes. 

Fi^urr 9 fih0W9 tfie variation of channel width (and tbu* ifca 
reciprocal of oft^re*ifirtance) as a function of potysDicon tioa apacing. 

: FiffWB IDsliof^ of 
v polysillcoo : tine [^ji|Sfl^^''"v 



Figure 1 1 a 



wife & 
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1* Abatr^i 



A power MOSFBT die with a imminiaod figore of merit has of a 
plana: rtripe MOSFBT geometry in wlddj parallel diffii&ad beaes (or 
chanttftk) areGonnod by ranplmrtadon airt 
fra&llel^ 

Jine width ia from about 3.2 to 3,4 raicroos, preferably 3 A microns; the 
polyliiiB spi^iftfioniAlkka 1 to 4 rnkkro. prefeaMy 115 mlams end 
•ibe difru^d basw Tte, 
pofysUicon snipes act as mtska to the sequential ^ base 
stripes, the scrurce slripcg attd seooad h^r <K)a^tiBiiod base stripes 
which are deeper than Ibe fir* base stripes* lomLatiou side w»Q epacore 
are used lo defioe R contact etch for Abe sotutcq contact. Tbc above 

geometry la t^ lr» iKilb the forward oaraJbfoI MOSFBT obd the 
ajmahmnovs rectifier MOSlfe 6f a buck converter circuit. 



Bepreieatatir* Dr&wiag 
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